The role of body fat distribution, as assessed by the ratio of waist-to-hip circumferences (WHR), in statistically explaining differences in levels of lipoproteins between men and women was studied using data collected in [1985][1986] In contrast, in societies with low rates of coronary heart disease, sex differences in levels of HDL cholesterol,6 coronary atherosclerosis,7 and mortality from coronary heart disease8 are greatly reduced. Furthermore, data from the Framingham Study show that about 15% of the male excess in coronary heart disease among 45-54-year-old subjects can be attributed to levels of total cholesterol and nonlipid risk factors,5 and sex differences in coronary heart disease are reduced if comparisons are made at similar levels of total/HDL cholesterol.9 One half of the increased risk of coronary heart disease among men might be because of adverse levels of total cholesterol, glucose, and behavioral characteristics.10
In contrast, in societies with low rates of coronary heart disease, sex differences in levels of HDL cholesterol,6 coronary atherosclerosis,7 and mortality from coronary heart disease8 are greatly reduced. Furthermore, data from the Framingham Study show that about 15% of the male excess in coronary heart disease among 45-54-year-old subjects can be attributed to levels of total cholesterol and nonlipid risk factors,5 and sex differences in coronary heart disease are reduced if comparisons are made at similar levels of total/HDL cholesterol.9 One half of the increased risk of coronary heart disease among men might be because of adverse levels of total cholesterol, glucose, and behavioral characteristics. 10 Although obesity is an important determinant of lipoprotein levels, the distribution of body fat is also critical." Vague'2 was the first to observe that women with upper-body obesity, the pattern usually seen in men, are more likely to have diabetes and atherosclerosis than are women with lower-body obesity. More recently, body fat distribution, as assessed by various skinfold and circumference measurements, has been related to diabetes and coronary heart disease. 13 '14 Independent of the general overweight level, the ratio of waist-to-hip circumferences (WHR) is associated with adverse levels of lipids, lipoproteins, and insulin,'1516 and is predictive of coronary heart disease. '7,"8 Although men have higher levels of WHR than women, the role of body fat distribution in explaining male/female differences in levels of lipids and lipoproteins has not been assessed. We have previously shown that WHR is independently related to lipid and lipoprotein levels in men and women. 16 The objective of the present study was to determine whether levels of WHR in this sample can explain the sex differentials in levels of HDL cholesterol, triglycerides, and apolipoproteins A-I and B.
Methods

Study Population
Participants were primarily white-collar workers who volunteered for serum lipid screenings at their places of employment (two Milwaukee companies) for wine, and 43% for liquor. Exercise was a count of the number of times per month that each person participated in aerobic exercise. Information was not collected on use of postmenopausal hormones; however, analyses were performed to assess the effects of controlling for WIR among subjects who were 50 years old or younger, or more than 50 years old.
Laboratory Analyses
Ten milliliters of blood were drawn by venipuncture after an overnight fast. Plasma levels of total cholesterol and triglycerides were measured by automated procedures,21-23 with quality control monitored by the Centers for Disease Control. HDL cholesterol was measured after heparin-manganese precipitation of other lipoproteins, according to procedures developed by the Lipid Research Clinics. 23 The total-to-HDL-cholesterol ratio was used as a measure of the atherogenicity of the lipoprotein profile.
Plasma levels of apolipoprotein B were measured by an enzyme-linked immunoassay24; levels were in the range of 22- WHR. Male/female differences in lipid and lipoprotein levels were also examined within strata of WHR.
Additionally, men and women were matched on WHR (to the nearest 0.01), and paired t tests were used to assess differences in lipoprotein levels among these 118 pairs.
Results
Descniptive Characteristics
Mean ages of men and women were similar (men, 40 years; women, 39 years), and levels of selected characteristics are shown in Table 1 . With the exception of total cholesterol, all lipid and lipoprotein levels differed significantly between the sexes. Overall, men had higher levels of triglycerides (+38 mg/dl), total/HDL cholesterol (+1.2), and apolipoprotein B (+11 mg/dl) but lower levels of HDL cholesterol (-15 mg/dl) and apolipoprotein A-I (-13 mg/dl). Furthermore, these differences were virtually identical for both age groups, and similar results were obtained by various transformations (e.g., the geometric means for triglycerides differed by 29 mg/dl). Men also consumed more alcohol and exercised more frequently than women; however, a smaller proportion reported smoking cigarettes.
Mean levels of the anthropometric measures were higher in men, with WHR showing the largest (14%) proportional difference. This difference in WHR, together with its low variability (coefficient of variation, 6-8%), resulted in a marked separation of WHR levels between the sexes (Figure 1 ). Although WHR was in the range of 0.58-1.02, there was overlap between men and women only from 0.75 to 0.94. Overall, the 25th percentile among men was approximately equal to the 90th percentile among women (levels of 0.85 and 0.84, respectively), and similar differences were seen within each decade of age (data not shown). Although mean values of Quetelet index also differed (p<0.001) between men and women, there was more overlap for this measure; its coefficient of variation was in the range of 13-20%.
Bivariate Associations
The anthropometric measures were highly interrelated ( Table 2 ). The correlation between waist and hip girths was 0.86, and although Quetelet index was highly correlated with both circumferences, its correlation with WHR was weaker (r=0.55 and 0.46, men and women, respectively). Additionally, age was moderately related to all anthropometric measures (r=0.12-0.39). The behavioral characteristics (i.e., cigarette smoking, alcohol consumption, and exercise) were also associated with the anthropometric measures; however, correlations were generally weaker than those shown in tp<U.UU1; p values are for equality of means between men and women, and were calculated using F tests.
Because of the possible effects of sex hormone used on these results, similar analyses were performed within categories of age, using 50 years as a cutoff. Adjusting for WHR reduced the sex differences in levels of the lipids and lipoproteins within each age group. For example, a 15-mg/dl male/ female difference in mean levels of HDL cholesterol was reduced to 9 mg/dl among the 921 younger subjects; among the 202 persons more than 50 years old, the differential was reduced from 14 to 5 mg/dl.
Men and women were then matched on WHR (to the nearest 0.01), resulting in 118 pairs with a mean WHR of 0.83. Despite women being more overweight (+3.5 kg/M2) than men in these matched pairs, male/female differences were reduced for levels of triglycerides (to 4 mg/dl), HDL cholesterol (to 7 mg/dl), total/HDL cholesterol (to 0.6), and apolipoprotein A-I/HDL cholesterol (to 0.01).
Discussion
Although it is uncertain why men in industrialized societies have higher rates of coronary heart disease than women, differences in levels of HDL cholesterol might account for much of the contrast. 9 The present results indicate that body fat distribution (or a highly correlated characteristic) can be an important determinant of male/female differences in levels of triglycerides, HDL cholesterol, total/HDL cholesterol, and apolipoproteins A-I and B. In this study of 1,124 employed adults, men had higher levels of triglycerides and apolipoprotein B together with lower levels of HDL cholesterol and apolipoprotein A-I. Controlling for WHR in several types of analyses greatly reduced these sex differences in levels of lipids and lipoproteins. For example, the male excess in levels of triglycerides was reduced by 97% with stratification, by 94% with analysis of covariance, and by 89% with a matched-pairs analysis.
Many of the detrimental effects of obesity depend on the anatomic localization of adipose tissue, with a relative excess of body fat on the trunk and upper body associated with adverse levels of lipoproteins,15,16 diabetes mellitus,13 and coronary heart disease. 17 The relatively slight overlap of WHR between men and women might be due to the inclusion of employed volunteers, and additional studies are needed to extend the current findings to persons with extreme levels of WHR. Furthermore, although 74 women were more than 50 years old, no information was collected on the use of postmenopausal hormones, which can affect levels of lipids and lipoproteins.34 (Based on other studies in Milwaukee,52 about 15% of these older women might have been using estrogens.) Stratified analyses, however, showed that adjustment for WHR reduced the male/female differences in lipoproteins among younger and older participants. Although it is also possible that WHR was misclassified, this would have resulted in the persistence of male/female differences in lipoprotein levels after controlling for body fat distribution.
Because of the cross-sectional study design, the temporal relation of body fat distribution to lipoprotein levels is unclear. However, the large proportion of differences in lipoprotein levels between men and women that can be attributed to body fat distribution as well as the plausible biological mechanisms suggest that body fat distribution (or a highly related characteristic) is an important determinant of differences in lipid and lipoprotein levels between men and women.
